Fracture Toughness of Chinese Nuclear Reactor Vessel Steel A508-3 in the Transition Temperature Region  by Yu, M.F. et al.
 Procedia Engineering  130 ( 2015 )  583 – 588 
Available online at www.sciencedirect.com
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).







aCollege of Materials Science and Engineering, Tianjin University, Tianjin, China 









:LWK WKH LQFUHDVLQJ GHPDQG IRU HQHUJ\&KLQD LV DJJUHVVLYHO\ GHYHORSLQJ QXFOHDU SRZHU SODQWV$V RI0DUFK
&KLQDKDVQXFOHDUSRZHUUHDFWRUVLQRSHUDWLRQXQGHUFRQVWUXFWLRQDQGPRUHDERXWWRVWDUWFRQVWUXFWLRQ





:KLOH &KLQD LVPDNLQJ IXOO XVH RIZHVWHUQ WHFKQRORJ\ VXFK DV:HVWLQJKRXVH








© 2015 The Authors. Published by Elsevier td. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of ICPVT-14
584   M.F. Yu et al. /  Procedia Engineering  130 ( 2015 )  583 – 588 
7KHVWUXFWXUDOLQWHJULW\DVVHVVPHQWRI539VSOD\VDQLPSRUWDQWUROHLQVDIHW\FRQFHUQVRIQXFOHDUSRZHUSODQWV
$PRQJ WKH FULWLFDO PHFKDQLFDO SURSHUWLHV WKH IUDFWXUH WRXJKQHVV LV XQGRXEWHGO\ WKH PRVW LPSRUWDQW )UDFWXUH
WRXJKQHVV WHVWV RI &KLQHVH$ VWHHO DUH SHUIRUPHG E\ )DQ >@:X>@ DQG RWKHU UHVHDUFKHUV >@ 7KH
IUDFWXUHWRXJKQHVVGDWDIURPWKHVHUHIHUHQFHVDUHFROOHFWHGWRJHQHUDWHWKH0DWHU&XUYHLQWKLVDUWLFOH
6LQFH IUDFWXUH WRXJKQHVV GDWD RI &KLQHVH $ VWHHO DUH VFDUFH DQ HIIHFWLYH PHWKRG WR FKDUDFWHUL]H WKLV
SURSHUW\ LV QHFHVVDU\$670 VWDQGDUG >@ LQWURGXFHG D0DVWHU&XUYHPHWKRG WR FKDUDFWHUL]H WKH IUDFWXUH
WRXJKQHVVRI IHUULWLF VWHHOV LQ WKH ORZHU WUDQVLWLRQ UHJLRQ ,W FDQEHXVHG WR HVWLPDWH WKH IUDFWXUH WRXJKQHVV DV D






























KKP JCf   
ZKHUH .-& LV WKH IUDFWXUH WRXJKQHVV 3I  LV WKH FXPXODWLYH IDLOXUH SUREDELOLW\ DW .-&  DQG . LV D WHPSHUDWXUH
GHSHQGHQWQRUPDOL]DWLRQSDUDPHWHU.PLQLVWKHORZHUERXQGIUDFWXUHWRXJKQHVVZKLFK mMPa LVW\SLFDOO\XVHG
IRUVWHHOV7KHQRUPDOL]DWLRQSDUDPHWHU.YVWHPSHUDWXUHRIIHUULWLFVWHHOVFDQEHH[SUHVVHGDV>@
 > @ H[S TTK  J\F   
ZKHUH7LVDUHIHUHQFHWHPSHUDWXUHȖLVDPDWHULDOFRQVWDQWȤȥDUHWKHFRUUHODWLRQFRHIILFLHQWVLQ mMPa DQG
ȥȤ ([SHULPHQWDOO\LWKDVEHHQIRXQGWKDWWKHVKDSHRIWKHIUDFWXUHWRXJKQHVVFXUYHZLWKWHPSHUDWXUHLVRQO\
VOLJKWO\PDWHULDO DQG \LHOG VWUHQJWK GHSHQGHQW IRU VWHHOV 7KHUHIRUH Ȥ ȥ  Ȗ LQ  WKH DERYH H[SUHVVLRQ DUH QHDUO\
LQGHSHQGHQWRI WKHW\SHRIVWHHOV 7KURXJKFRPSDULVRQZLWKDZLGHUDQJHRIIHUULWLFVWHHOVGDWDHTQZDVWKHQ
DSSUR[LPDWHGDV>@
 > @ H[S TTK    
6XEVWLWXWLQJLQWRDQGXVLQJ.PLQ  mMPa WKHPHDQYDOXHRI7HTXDYDOHQWIUDFWXUHWRXJKQHVV.-&
LHFRUUHVSRQGLQJWRSUREDELOLW\RIIDLOXUHDWPXOWLSOHWHPSHUDWXUHV7FDQWKHQEHZULWWHQDV>@
 > @H[S TTK JC    
:KHQ IUDFWXUH WRXJKQHVV GDWD DUH DYDLODEOH DW VHYHUDO WHPSHUDWXUHV WKURXJK WHVWV IRU H[DPSOH 7 FDQ EH
HVWLPDWHGXVLQJWKHPXOWLWHPSHUDWXUHSURFHGXUHZLWKIROORZLQJIRUPXOD>@
585 M.F. Yu et al. /  Procedia Engineering  130 ( 2015 )  583 – 588 
 > @
 > @
    > @

































UHI>@ DSSOLHG WKLV PHWKRG RQ &KLQHVH $ VWHHO SURYLGLQJ 7 DQG WKH HQWLUH 0DVWHU &XUYH  7KXV IUDFWXUH
WRXJKQHVVGDWDFROOHFWHGIURPRSHQOLWHUDWXUHLVGLYLGHGLQWRWZRJURXSVWKHILUVWZLWKWKHGDWDIURPUHI>@DEVHQW
DQGWKHVHFRQGLQFOXGHVDOOWKHGDWD7KHVHWZRJURXSVRIGDWDDUHHPSOR\HGZLWKPXOWLWHPSHUDWXUHSURFHGXUHHTQ

























&RPSDULQJ WKHVHYDOXHVRI77* &7* &7- &DQG7- & WKH\DUH
FORVH WR HDFK RWKHU )LJ  VKRZV FRUUHVSRQGLQJ 0DVWHU &XUYHV EDVHG RQ WKH IRXU YDOXHV RI  7  $OO FXUYHV
FKDUDFWHUL]HWKHIUDFWXUHWRXJKQHVVRI&KLQHVH$VWHHOZHOOLQWKHORZHUWUDQVLWLRQUHJLRQDQGWKUHHRIWKHP
DOPRVW RYHUODS LQGLFDWLQJ WKH IHDVLELOLW\ RI SUHGLFWLQJ IUDFWXUH WRXJKQHVV IURP &KDUS\ LPSDFW HQHUJ\ GDWD DV
GLVFXVVHGLQUHI>@










WKDWD0DVWHU&XUYHPHWKRGFDQFKDUDFWHUL]HWKHIUDFWXUH WRXJKQHVVRI&KLQHVH$VWHHOZHOO LQ WKHORZHU







>@ 1XFOHDU SRZHU LQ &KLQD :RUOG 1XFOHDU $VVRFLDWLRQ KWWSZZZZRUOGQXFOHDURUJLQIR&RXQWU\3URILOHV&RXQWULHV $ )&KLQD
1XFOHDU3RZHU


















>@ $670( 6WDQGDUG WHVWPHWKRG IRU GHWHUPLQDWLRQ RI UHIHUHQFH WHPSHUDWXUH 7 IRU IHUULWLF VWHHOV LQ WKH WUDQVLWLRQ UDQJH:HVW
&RQVKRKRFNHQ3$
>@ 0)<X=/XRDQG<-&KDR&RUUHODWLRQVEHWZHHQ&KDUS\91RWFKLPSDFWHQHUJ\DQGIUDFWXUHWRXJKQHVVRIQXFOHDUUHDFWRUSUHVVXUH
YHVVHO539VWHHOV$60(3UHVVXUH9HVVHOV	3LSLQJ&RQIHUHQFH%RVWRQ0DVVDFKXVHWWV86$
>@ .:DOOLQ7KH0DVWHU&XUYHPHWKRG$QHZFRQFHSWIRUEULWWOHIUDFWXUH,QW-0DWHU3URG7HF
>@ .:DOOLQ7KHVFDWWHULQ.,&UHVXOWV(QJ)UDF0HFK±
>@ .:DOOLQ)UDFWXUHWRXJKQHVVWUDQVLWLRQFXUYHVKDSHIRUIHUULWLFVWUXFWXUDOVWHHOV,Q7HRK67/HH.+HGV)UDFWXUHRI(QJLQHHULQJ
0DWHULDOVDQG6WUXFWXUHV(OVHYLHU$SSOLHG6FLHQFHSS
>@ -*0HUNOH.:DOOLQDQG'(0F&DEH7HFKQLFDOEDVLVIRUDQ$670VWDQGDUGRQGHWHUPLQLQJWKHUHIHUHQFHWHPSHUDWXUH7IRUIHUULWLF
VWHHOVLQWKHWUDQVLWLRQUDQJH185(*&5
>@ .:DOOLQ9DOLGLW\RIVPDOOVSHFLPHQIUDFWXUHWRXJKQHVVHVWLPDWHVQHJOHFWLQJFRQVWUDLQWFRUUHFWLRQV$670673SS±
>@ $60(&RGH6HFWLRQ;,5XOHVIRULQVHUYLFHLQVSHFWLRQRIQXFOHDUSRZHUSODQWFRPSRQHQWV1HZ<RUN
>@ .:DOOLQ$VLPSOHWKHRUHWLFDO&KDUS\9.,&FRUUHODWLRQIRULUUDGLDWLRQHPEULWWOHPHQW$60(3UHVVXUH9HVVHOVDQG3LSLQJ&RQIHUHQFH
,QQRYDWLYH$SSURDFKHVWR,UUDGLDWLRQ'DPDJHDQG)UDFWXUH$QDO\VLV1HZ<RUN
>@ 06RNRORYDQG5.1DQVWDG&RPSDULVRQRILUUDGLDWLRQLQGXFHGVKLIWVRI.-&DQG&KDUS\LPSDFWWRXJKQHVVIRUUHDFWRUSUHVVXUHYHVVHO
VWHHOV(IIHFWVRI5DGLDWLRQRQ0DWHULDOVWK,QWHUQDWLRQDOV\PSRVLXP$670673:HVW&RQVKRKRFNHQ3$


